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Abstract 
The ever-present :recession of the Lake Erie shoreline makes 
the fonna.tion of a plan to slow the action of erosion essential. 
Several factors combine to increase the downslope movement of land 
into the lake. Excess drainage adds weight and water to the bluff, 
enhancing slump and weathering of the topsoil. La.ck of vegetation 
allows rainwater to create runoff and gullies on the unstable slope 
of glacial sediments. Waves attack the ba.se of the slope, thus 
transporting the sediment that has been displaced by gravity. These 
factors sum to a net loss of three feet per year of valuable prop-
erty along the shoreline. . 
This study deals with the .natural erosiQnal processes and gives 
possible solutions to abate shore :recession. The suggestion for 
the area in Conneaut, Ohio between Harrington Point and Salisberry 
Road includes proper drainage techniques, added vegetation to the 
bluff, and the construction of a series of groins on the beach. 
These structures will not stop erosion, but should slow the :recession 
rate from three feet per year to almost one foot per year. The 
:residences on this stretch of shore are valuable enough to consider an 
investment in shore protection in order to save the aesthetic values 
of this site for future generations. 
I want to thank the Laituri family for the use of their property 
for study, especially Davtd for his help with history and illustra-
tions. I would also like to thank Dr. Ed Herdendorf for his guidance. 
Introduction 
Shore erosion is a natural geologic process that occurs contin-
uously to shape the form of bluffs and beaches around the world. As 
Lake Erie shore owners :realize, this is not a new or unusual phenonema. 
An estimated 1200 habitable blildings will be destroyed in the next thir-
ty years because of high levels of precipitation, high lake levels, weath-
ering, wave action, improper drainage and also man's intervention in 
1 the erosional process. 
The objective of this :report is to investigate the causes of shore 
erosion in Conneaut, Ohio, between Salisberry Road and Harrington Point, 
and to suggest :reasonable preventive measures to forestall the loss 
of land. The Laituri :residence at 1~2 Lake Road was used as a sample 
area of the bluff type found on the eastern south shore of Lake Erie to 
study stratigraphy, sediment content, wave action, littoral drift, mass 
wasting, drainage and degradation. These geologic processes combine to 
cause a loss of three feet of soil per year to the lake. 
Several shore protection devices have been installed by private 
property owners to abate this downslope movemant. Some have been :rela-
tively effective, while other structures have broken down with time. 
Possible solutions will be illustrated and the most effective and in-
expensive variety will be :recommended for this area to slow inevitable 
property loss. Hopefully, some misconceptions will be :resolved :re-
lating to govemmental control of the lake levels and problems caused 
by man's improper use of his shoreline land. The aesthetic values of 
lakeside :residence can be preserved for future generations with some 
understanding and investment now. 
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Figure 1, Map of study area, (U .s, Dept of the Interior. Geological 
Survey, 1970), 
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The landowner who is bound to lose his home has three options : 
1 . Relocate or sell . 
2 . Do nothing , 
3. Install shore protection devices , 
Obviously, the o~mer of the home below could not invest in time. This 
0 
house has a dip of approximately 8 and is now uninhabitable . Tension 
ci"acks can be seen in the chimney and there is no foundation on the left. 
side . This is a potential danger spot for young children . 
A 
B 
Figure 2A. Abandoned house that is located ten houses east 
of La.i turi ' s residence . B ,Closeup of t ension fractures in chimney . 
4 
Geologic Setting 
Five hundred biJ.lion years ago lava bubbled on the surface of
North America , which became Lake Erie ' s base mine!:'als . Seas of the Cam-
brian system drained and flooded the area, leaving lac:rustrine deposits 
five to t en meters thick. Glaciers advanced from the north decreasing 
water levels and adding ice to the frozen mass . This powerful stream of 
ice smashed rocks and scooped deep paths, bulldozing dikes which obst:ructed 
river drainage. Glacial till was deposited during the last Wisconsin 
ice age up to depths of twenty feet . Ten thousand years ago Lake Erie 
reached its present stage at J58 feet above sea level. 2 Evidence of 
the glacier is found on Kellyvs Island, Lake Erie (Fig.J ) . 
Since it is a drowned river, Lake Erie is the shallowest of the 
Great Lakeso The storms that occur there are severe and affect the 
Figure J . Grooves made in rock by glacial activity. 
Glacial Grooves State Pa:rk , Kelly's Island, Lake Erie . 
5 
shore at an accelarated rate. Sto:rms in 1972 and the spring of 1973 caused 
millions of dollars of damage due to erosion and flooding.3 The high bluff 
of twenty meters has a base of old lake sediments, to:p:ped by a layer of 
glacial till. This stratigraphy :promotes block mass movement of 
slump due to lubrication caused by water draining onto the clay layer. 
Precipitation adds weight to the bluff and pushes land downslope. The 
high lake levels increase wave action which ca._-rries away the toe sed-
iments. 
ROOTS ANO CRACKS IN CLAY LAYER PROVIDE 
SEEPAGE PATH TO SAND BE LOW 
SANO 
SWIMMING POOL ADDS EXCESS WEIGHT 
TO BLUFF 
LEAKAGE OR SPLASHING 
SATURATES ANO WEAKENS 
-~ SOIL 
\ 
~ ( SLIDE BLOCK ROTATES \ DOWNWARD 
\' SURFACE FLOW ERODES 
l~ BLUFF FACE 
V SEEPAGE EROSION UNDERCUTS BLUFF FACE 
SAND BEACH DERIVED 
FROM BLUFF 
MATERIAL 
Figure 4. Ca.116es of bluff erosion and retreat. (U .s. Army Corp 
of Engineers, 1981). 
NATURAL PROCESSES 
Littoral Drift 
Littoral drift is the transport of lake sediment and sand along 
the shore by prevailing winds and oblique waves(Fig. 5). The direc-
ti. on of transport on Lake Erie in the Conneaut area is northeast be-
cause of the prevailing winds in this direction (Fig. 6 ). Storms 
come from the northeast and cause the accumulation of sand on the 
opposite side of a groin than usual. A groin placed perpendicular 
to the shoreline interrupts the longshore system of transport. If 
a groin is placed on the south shore of Lake Erie, sand is taken from 
the east side and deposited on the updrift west side. A field of groins, 
when constructed the correct distance apart, fill to capacity with sand, 
reach a state of equilibrium, and create a stable beach. Llttoral 
drift continues at about the sa.me rate as before construction, 'but 
causes no more damage to adjacent property. 4 Waves can now break on 
this beach rather than expending their energy on the bluff toe. 5 
Figure 5. Mechanics of littoral drift. (Taken from U.S. 
Army Corp of Engineers, 1981). 
6 
Ashtabula 
SW ;::, 
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¥stonns 
Figure 6. Lake Erie wind direction is prevailing to the northeast 
and littoral drif't proceeds in this direction also. Storms 
temporarily alter this direction. (Altered from Lichtkoppler, 9/82). 
Wave Action 
"Waves move in small vertical circles and keep :returning to the 
starting place, while the form and energy of the waves move forward." 
As the wave nears shore, it hits bottom, 001eaks, and causes turl:ulence 
of the lake floor. Wave action has four major effects on the bluff: 
1. Wave scour and abrasion. Sand is placed in motion by the 
waves. 
6 
2. Erosion occurs due to the impact of the wave on the shore. 
3. Water is forced into the cracks of the bluff material 
and increases the hydrostatic pressure, ±bus dislodging the toe. 
4. Waves are agents of transportation of the dislodged 
sediments7which travel to the lake bottom or to adjacent beaches. 
Profile A: 
Beach shaped 
wave action. 
Profile B: Beach 
-
shaped by stom wave attack • 
.. -----"'c"-. 
Figure 7. Wave action. (Taken from U .s. Army Corp of Engineers, 1981). 
8 
A 
B
Figure 8 . Processes occuring at a groin structure located two 
residences west from Laiturivs . (A) Wave action on a typical 
spring day, March JOP 1983 . Normal conditions of one foot waves. 
(B) Cobble sized crystalline rocks moved to three foot hi.sh 
structure due to wave action . Littoral drift accumulation of 
fifteen feet can be seen on the updrift side . The wind direction 
was reversed on this day to the prevailing winds . 
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Figure 9. A 1:asic energy flow diagram for Great Lakes shore 
erosion. Although the water level is the most significant 
factor in erosion rate, the importance of the other factors 
will vary according to area studied and the properties of that 
that area. (Barnett, 1979). 
10 
Lake Levels and Stoms 
A flow diagram of basic energy, starting with the sun and its 
the:rmal energy, is shown in figure 9. Storms are created with this en-
ergy that causes pressure systems in the atmosphere. Northeast stoms 
are caused by low pressure systems moving south and are largely re-
sponsible for wind setup of the west end of the lake. 8 These setups 
are caused by wind blowing over the fetch of the lake and are temed 
seiches. During the stom of November 1972, seiches of five feet 
were present. Twenty-two million dollars were lost because of erosion 
and flooding during this stom. 9 
Another factor in the increased erosion rate in this stom was the 
high lake level. The high level in 1972 at four feet above mean-chart-
datum-level for Lake Erie equals 572. feet above sea level. The year 
of 1983 is expected to have levels of 572.1 feet above sea level. 10 
... , ···~ ...... 
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Figure 10. High, mean and future lake levels for Lake Erie. 
(Department of the Amy, Detroit District, 1983). 
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Another factor affecting the level of Lake Erie is the isostatic 
rebound of North America resulting from the melting of the glaciers. 
This c:rustal movement has tipped the north side of the Lake Erie l:asin 
up relative to the south at a rate of .37 feet per year. 11 Although 
this movement seems negligible, with our recent altered climatic 
conditions, it is hypothesized that the glaciers may melt even more. 
Lake Erie is the shallowest of the Great Lakes and has the second 
smallest surface area. These reasons and its east-west orientation 
12 
makes it most likely to be affected by weather. Regulations of the lake 
levels would be beneficial to property owners as well as the ship-
ping industry. The costs to maintain an even level, however, has 
exceeded its benefits in the past years, so no regulations have been 
placed on Lake Erie, contrary to some shore owners beliefs. 12 
Degradation 
Degradation is a process of decomposition that weakens the stab-
ility of the bluf'f by physical and chemical weathering and increases 
the rate of erosion. The agents of weathering include: 
1. Temperature changes. 
2. Abrasion by wind, water and ice. 
J. Organisms (plants, animals, and man). 
4. Mechanical effect of chemical weathering. 
5. Differential expansion due to release of pressure 
upon unloading of snow· 
6. Pressure resulting from growth of ice crystals in small 
openings in the soil. 
7. Hydration shattering from ice crystals. 13 
a. Water and atmosphere(H2o, o2, co2, H, etc.). 
Chemical weathering increases the b.llk of the weathered till, loosens 
it and renders it suseptible to movement, especially in deep joints, 
by mass wasting. 
On the shoreline these chemical :reactions are important: 
Oxidation - A typical exothermic, volume-increasing reaction be-
tween minerals and the wet atmosphere. Hematite is created from 
iron-rich minerals, such as pyrite. 
Hydrolysis - Feldspar and mica are tunied into clay minerals 
by carbonates. 
Hydration - Hematite and pyrite= Limonite and water. Till 
weathers :readily because of the quartz-rich igneous and met-
amorphic rocks. 
Solution - The abundance of groundwater leaches the carbonates. 
+ 14 co2 + H2o = H + Hco3(bicarbonate). 
Freezing and thawing - (Slaking) This disrupts the silt-rich 
layer by expansion as ice crystals grow, and contraction as 
they melt. Wetting and drying causes the clay minerals to 
crumble (physical weathering). 15 See figure 11. 
Figure 11. Effects of Freeze-thaw. Result is a net down-
slope movement. {Bloom, 1980). 
13 
Mass Wasting 
Two types of mass wasting occur on this Lake Erie bluff. "Slump 
is a movement along a curved surface(spoon-shaped) of a kind of super-
ficial faulting which leaves an amphitheatre-shaped scar the the land-
16 
scape." Figure 12 shows the tension cracks that develop on the roof 
of the bluff as a result of gravity, which shatter the material into 
large slippage blocks. Waves and rain cause wetting and drying of summer 
clay. During the drying cycle, this clay consolidates and capillary 
pressure affects the smaller pores. The clay shrinks and develops poly-
gonal tensional cracks that are another zone of weakness for slump to 
occur. 17 
Creep is an imperceptible and general movement of soil down-
slope by gravity. No exact shear surface can be recognized. This dis-
18 placement is similar to plastic defonnation and flowage. The bluff 
at Laituri's residence is characterized by deep-seated zones of fracture 
scarps that are actively creeping downhill to establish a more stable 
slope or a natural angle of repose. 
1:,l)~ "FLOW 
14 
Figure 12. Slump. A rotational movement of blocks of soil due to 
excess water, gravity, and unstable sediment. (Taken from Bloom, 1980). 
A B 
c 
Figure 13 . Slump movement observed on Laituriqs residence , 1282 
Lake Road, Conneaut, Ohio . (A) Newly £onned slump division due to 
snow thaw and added precipitation. Only small tensional fractures 
could be seen on December 25, 1982 . (B) Closeup of plane of movement . 
This photograph was taken in March 19830 There was a movement of 2 . 4 
feet in three months , (C) A slump cave- in due to a substantial spring 
below. This photograph was taken in August 1982. It is located left 
of A. 
15 
E 
A 
D 
c 
Figure 14. The tree i n these photos is one residence west of Laituri' s 
property. Measurements for smmp rate were taken from the fence post 
to the far base of the tree along the top surface . (A) In April 1982, 
one could walk around the fence post safel y. This photo (April 1983) 
shows slump of approximatel y three feet(See figure 15) . Spri ng thaw 
and the weight of the tree enhanced rapid s l ump in the spring . (E)Cl ose-
up of the tree base and l oss of soil. (C) Rear view of the tree , l ooking 
over the bluff . (D) Tensional cracks fonned at the base of the post . 
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Drainage 
Slump and creep are facilitated by wave action carrying away the 
toe or bottom of the bluff and also the presence of excess water. 
Drainaee on this property is not well controlled . Septic tank 
overflow seeps down to the clay layer and runs out to the bluff on 
this plane , thus lubricating slump blocks. I also observed drainage 
tubes halfway down the hill(figure 16). The leakage from these tubes 
adds to the effect of surface runoff and sheeting that erodes the top 
three to four inches of soil. Gullies and rills penetrate the bluff 
and move several feet of material into localized areas. 18 Ground-
water from precipitation affects the detrius in three ways : 
1.Water seeps through the sand layer and flows out to the 
bluff face,and seep zones lubricate the clay layer. 
2. Water adds weight and weathers the soil . 
J . Water increases water pressure in the soil and this decreases 
the naty~l cohesion, increasing instability and the rate of 
slump. 
A B 
Figure 16. Drainage tubes located twenty feet below top of bluff 
adding water and weight to the bluff face . April 1982. 
18 
B 
Figure 17(A)This is a slump block of sandy material that has 
slid over the clay layer at the bottom of the bluff on 
Laituri's beach. Wave action has reduced its size and broken 
it apart . (B) The stratigraphy of the bluff is shown with 
two distinct layers. Course-grained sandy lacustrine deposits 
on top are penetrated easily by rainwater. This water seeps 
out on top of the glacial clay layer. 
20 
Man's Intervention 
Man has b.lilt homes and cottages on the shores of Lake Erie 
because of the aesthetic value of the envoronment. The weight of these 
structures has added to the instability of the bluff when 1::uilt too 
close to the edge. Swimming pools at the top of the bluff diminish the 
effect of gravity, 1::ut add water to the drainage system. Paths down 
to the beach at each residence help the slump processes. Most sewage 
is filtered by overflow septic tanks that, if not properly drained, in-
crease groundwater a.mounts. Furthennore, the shipping industry and pri-
vate owners have 1::uilt harbors, which interrupt the littoral transport 
of aa.nd and this caused recession of adjacent downdrift beaches. 20 
This is seen in the aerial photographs of Ashtal:ula Harbor in the Appen-
dix.In twelve years a 1::uildup of sediment can be easily seen at the 
junction of the breakwall and the shoreline. Property owners are now 
becoming aware of these situations and are taking steps to correct them. 
Several types of structures have been constructed to halt the 
action of waves, ,rosion and drainage. A stable beach is the result 
of these devices, which absorbs the energy of incoming waves, thus 
reducing toe disintegration. Each general type of shore protection 
will be illustrated and the advantages and disadvantages of each 
will be stated. Some of these do not withstand the test of time, such 
as the wooden breakwall in fig. 23 • Groins cause adverse affects to 
adjacent beaches, therefore careful considerations are taken into effect 
when making a decision to alter the natural course of erosion. 
21 
~-Description and Results 
The Laituri residence, where the generalized site survey w~ done is 
located .63 miles east of Salisberry Roa.cl on Route 531(Lake Road). 
Their backyard extends to the lake with a steep thirty foot slope. The 
te::cn bluff is used at this site because of the unconsolidated soil 
and the relief of the face. The results of the survey are listed and 
then summarized in figure 18 to detemine the proper type of vegetation 
to be planted. These results may vary with location and time of the 
year. 
Fetch ~ 12 km- Average distance of open water measured perpen-
0 . 
dicular to shore and 45 to either side of shore. 
Longest Fetch> 20 km - Longest distance of open water. 
Shoreline Geometry= Straight shoreline. 
Slope= Steep. 1 to 17.5 (vertical to horizontal)s measured the 
bluff face with a protractor, yardstick and weight as shown. 
The yardstick is placed parallel to the bluff face. 21 
Sediment sample= fine sand and a gray fine-grained clay with 
crystalline clasts of size approximately 1-5 mm in diameter. 
Beat Traffic= Conneaut Shipping Company, Navigation.channel 
not wi"thin one kmJ thxee miles east. 
Wind= Shore does not face in direction of prevailing winds 
or stom waves, rut is affected by all wave movement. 
Cumulative Wave Climate score= 21-301 plant 5-7 month seedlings 
.. of plugs at 1 1/2-foot spacings in 20-foot zones. The score 
22 
is on the edge of solution of no planting. This will vary with area. 
· Rate of Recession = J.1 feet per year. See figure 15 where the 
rate of slump is detemined for this bluff. Literature sited is close. 
Stratigraphy= The layers of soil in this area are an impor-
tant factor in determining the slump seen. At the toe, a clay-
sized glacial till with angular pebbles and poor sorting is 
approximately two meters thick. This bluish clay of approximately 
Cary age is overlain by a layer of old sandy lake deposits with 
rounded and polished grains deposited from a glacial lake of 
higher level. Thi-s top weathered bed slides easily over the sat-
urated' clay layer to the lake. See figure 17 B. 
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I =- v TO 30 =• USE 5-7 MONTH SEEDLINGS OR PLUGS AT l~-FOOT SPACINGS IN 20-FOOT (MINIMUM) ZONES. 
= ABOVE 30: DO NOT PLANT 
Figure 18. Site evaluation fo:rm for marsh plants. (After U.S. Army 
Corps of Engineers, 1980). 
Shore Protection Devices 
The purpose of this section of the report is to explain examples 
of different types of shore protection. It must be cautioned however, 
that while these solutions are considered low cost, they do involve con-
siderable investment. The State of Ohio Department of Natural Resources 
has agree to help finance private as well as public protection from 
erosion. A letter must be subnitted to state the problem, site, and 
residence involved. The Chief Engineer will assess your case and hope-
21 
fully be able to help financially if it is an urgent case. 
A breakwater is an offshore penna.nent or floating structure placed 
parallel to the shoreline approximately fifty feet offshore. The impor-
tant factor to consider in the construction of this is the height, so 
that the waves will break over it in a proper amount to create diffrac-
tion of the waves on the shoreward side. These shallow waves will fo:rm 
a beach if the breakwater is placed correctly. Figure 19 shows a break-
24 
water that decreases the energy of incoming waves and forms a rounded beach. 
\ \, \, '\. 
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Figure 19. Breakwater effects and results. (Taken from U.S. 
Army Corp of Engineers, 1981). 
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A groinf'ield is a ser,.es of fingerli.ke projections set up perpendicular 
to the shore. Their pri.ma.ey purpose is to trcli) and :retain sand, nourish-
ing the beach compartment between them. 22 The groins interrupt the lit-
tora.l drift system, blild.ing up sand on the updrift side. As equilibrium 
of the system is :reachedJthe transport of sand continues as it was before 
construction and a stable beach is maintained. Groins offer limited pro-
tection during stonns, rut as the waves break on the beach their energy 
dissipates he:re rather on the toe of the bluff. One disadvantage of 
groins is the broken beach with cement pilings. Figure 20 shows the 
processes involved with groins. 
Two other major devices a:re used on various sho:relinesf the seawall 
and :revetment. The seawall protects bluffs by completely separating land 
and water acting prlmarily as a :restraining wall for sediment. The stud-
ied bluff is too high for this structures it is usually found in l:ays 
and low sloping areas. Disadvantages include appearance and the loss of 
a sandy beach. See figure 21 for illustration. I 
~'D ,l>.b~?E. C> \' 
b~'b Q..~,-61-.ll::.I"> ' ' 
13--< ~OINS . ' 
' 
Figure 20. Groin and littoral transport interaction. (Taken 
from U .s. Amy Corp of Engineers, 1981) • 
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Revc"~ments are made of durable cement blocks or rubblemound that is 
placed along the slope of the shore. It serves as a surface for the waves 
to break upon ;ri thout destroying the underlying slope. If t.h1s area 
bluff angle was decreased greatly it could be used here, although. 
the:re is a loss of the beach and it is impractical.. Figure 22 shows 
the :revetment and construction considerations mentioned hereafter. 
Figure 21, Seawall and its construction considerations, (Taken 
from U.S. Army Corp of Engineers, 1981). 
' 
Figure 22, Revetment. (Taken from U.S. Army Corp of Engineers, 
1981). 
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Materials used for groins and breakwaters include cement blocks, 
:rubblemound, gabions {rocks in wire mesh), rubber tires, timber piles, 
and sand f1lled robber tubes called Longard tubes. Tires, timber, tubes 
and the gabions seem to break over a short period of time or are van-
dalized. Rubblemound a.nd fonned concrete are the longest lasting mat-
erials as long as the proper construction guidelines are followed. Con-
crete fonned blocks :run at a price of $100 - $JOO per foot a.nd the rubble-
mound is about $150 - $150 - $250 per foot. 
As preventive measures, five things that need to be considered 
in the const:ruction of these st:ructures are: 
1. Toe protection - a wide lase is established with rubble piled 
1n graded layers to prevent .scour tfuich loosens the whole structure) • 
2. Foundations conditions - there should be a smooth bottom a.nd a 
filter cloth used between the structure a.nd the bottom to stop 
settling. 
J. Ties - both ends of the structure made secure to stop movement. 
' 
4. Height - 1f it is too high it will seriously interf'ere with the 
shore processes and 1f it is too low the waves will break over its top. 
5. Materials used - the right size of material must be used so that 
wave action does not dislodge it. 
Consultation and construction with a reputable finn is highly recom-
mended for stabile and accurate protection. Remember that 'these devices 
must withstand the test of time a.nd stonns. Figure 23 shows a retaining 
wall that failed. in about 20 years. other actions will also help one's 
erosion problem. Decreasing the slope angle to a ratio of 1:15 inhibits 
downslope movement by gravity. Just west of Laituri's, the bluf'f was 
leveled and excess vegetation was planted. It seems to be effective• 
See figure 24. 
Figure 23 . This retaining wall was built just west 
of Laituri 0 s house in the early 1960's . Slump blocks 
on the high bluff and the weight of the tree in the 
right corner pushed through this wooden wall. 
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Figu~e 24 . Just west of Laituri 9 s the bluff was leveled 
with bu]dozers . Added vegetation and clearing of trees 
has stabilized this gentle slope . There is no slump, just 
some imperceptibl e creep. 
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A 
B 
Figure 2 5. Two sets of groins that both develop a beach . 
(A) These sturdy groins are three houses west of Laiturivs 
on Lake road. They a.re nineteen years ol d . They were 
expensive to construct and have caused recession on the 
adjacent shore property, but have stopped wave action 
considerably. (B) A less expensive groin field is con-
structed at Harrington Point , .1 mile east of Laiturivs. 
Cement was pored into smaller blocks and also steel drums 
further up the shore , but tires were useless . The beach 
of about fifty yards was created over a longer period of t .ime 
than A. Equilibrium seems to have been reached. 
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Vegetation has many advantages, as outlined below: 
1. It removes water by transpiration and uptake. 
2. · It slows runoff by filtering water and aatching sediment. 
3. The roots hold soil and prevent layer slippage. 
4. It absorbs ene:rgy of falling rain. 
5. Vegetation slows wind velocity and traps alluvium. 
6. Vegetation maintains the absorptive capacity of the soil. 
7o It reduces frost penetration. 
8. And provides wildlife habitation. 23 
The suggested plant mixture for inadequately drained areas is 15 loo. of 
Reed Cana.rygrass, 5 lbs. of Garrison Creeping Foxtail. 5 lbs. of Red 
Top(Agrostic Alba.), and 10 lbs. of Bi:rdsfoot Trefoil. This should 
be planted every two months, starting in April. Vegetation is inex-
pensive, and stabilizing, rut is also sensative to storms and humans. 24 
Drainage inceptors are recommended to lessen the amount of water in 
the lake bluff. They can be imbedded 10-15 meters landward on the top of 
the bluff to catch surface runoff of rains and groundwater -seep due to 
the stratigraphy and septic tank overflow. This will prevent rill and 
gully erosion and reduce the concentration of water and therefore weight 
in the bluff face. Figure 26 shows the basic construction. Drainage 
pipes must reach the beach with durable material or this system will be useless. 
--· ..... 
-·-· 
Figure 26. Drainage inceptors. (Taken from Clemens, 1972). 
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Recommendations 
The values of the residential properties on the stretch of Lake 
Erie shoreline between Salisberry Road to Harrington Point in Conneaut, 
Ohio are too high to :resolve to relocate, sell, or take no action against 
their evident erosion problem. The author suggests a combination of solu-
tions to abate the rapid recession rate on this southeni shore. Proper 
vegetation, drainage inceptors, and a series of groins will be a consid-
erable investment, but in light of the life of these dwellings, a wise 
decision. The Chief Engineer should be contacted for further assistance 
financially and a contractor hired for the construction. other ad.vice 
includes better human intervention with the lake shore. A footbridge should 
be built to slow the movement of sediment downhill when families travel 
to the beach. In the future, wilding close to the bl1..:ff should be 
-
avoided, which is being considered in the new building codes. The trees 
that are on the top of the bluff should be cut down, leaving the roots 
for added vegetative stability. Their weight aids downslope movement as 
seen at many places along the study area. 
Understanding the natural processes of erosion is the first step 
to overcoming the problem of bluff recession. If the landowner can slow 
down the inevitable recession found on all shorelines, he can preserve 
the many advantages of lakeside living .. Taking needed steps now will 
insure future generations of the pleasures others have enjoyed. 
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APPENDIX 
i 
Glossary 
1. Angle o:f Repose- The natural angle that a slope tends toward due to the 
type o:f material, weight, w~ter saturation, and grain size. 
2. Bluf:f- High, steep bulk at the water's edge primarily composed of soil. 
J. Olei.y- Extremely :fine-grained soil with individual particles less 
than ,6015 inches in diameter. 
4. Creep- Imperceptible and nonaccelerating downslope movement. The mat-
eria.l is termed colluvium. 
5. Erosion- Wearing away of the land by natural forces. On a beach, 
the carrying away of sediments by waves, wind and tidal action. 
6. Fetch- Area where waves are generated by wind that has steady dir-
ection and speeds length over which the wind travels. 
7. Filter Cloth- Plastic cloth, woven of modern synthetic fibers that are 
:permeable enough to allow water to pass through, rut not sediment. 
8. Glacial till- Unsorted, unstratified sediment that is deposited dir-
ectly from glacial ice, without rewo:rking by the meltwater. It contains 
angular :fragments of rock. 
9. Groin- Fingerlike projections of cement placed perpendicular to 
the shoreline to trap sand :from the littoral d·rift system and retard 
the erosion of the shore. 
10. Hydration- CuS04 + 2H20-+ CuSo4 • 2H20{gypsum). Water attaches itself 
to a mineral and chemically forms another solution-derived mineral. A form 
of degradation found on the beach. 
11. Hydrolysis- A chemical reaction between feldspars and micas with bicar-
bonate to form clay minerals and carbonic acid. Also :found in the beach area. 
12. Isostatic rebound- Process in which the cnist of the continent rises 
up due to the :release of pressure with the melting of the glacial mass. 
ii 
14. Lacustrine- Sediments associated with a fresh water lake. 
15. Littoral Drift- Movement of sand along the beaches iJ;i :the near-
shore zone, by prevaling winds and oblique waves. 
16. Oxidation- 2FeS2 + 602 Fe2o3 + 4So4• Iron-rich sediments in the 
upper later of bluff weather to heavd.er hematite. 
17. Revetment- A facing of stone, concrete, etc., 1:uilt to protect a scarp, 
embankment, or bluff fron erosion and wave attack. 
18. Recession- The net landward retreat of coastal bluffs over time 
due to erosional processes. 
19. Rubble- Loose, angular, waterwoni stones of broken rock used for 
construction of groins and breakwaters. 
20. Scour- Removal of underwater material by waves of currents, especially 
at the toe of wave protection devices. 
21. Seawall/,Bulkhead- A structure separating land and water by pilings 
or lumber that prevents erosion and damage by wave action. The rulkhead 
prevents sliding of land into the lake. 
22. Slump- Rotational movement of blocks of land along a convex surface 
of rupture. 
23. Stratigraphy- The natural sequence of layering of sediments with time, 
24, Toe Erosion- Erosion that occurs at the base of a bluff as a result 
of continuous removal of earthen materials by waves. 
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